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(54) Apparatus and method for matching the response of microphones in magnitude and phase 



(57) An apparatus is provided for matching the re- 
sponse of a pair of microphones. The two microphones 
provide a first and second output, respectively, in re- 
sponse to an audible input. The microphone outputs are 
subtract from each other to produce a gain control out- 
put for operably controlling the gain of the first micro- 
phone output, resulting in a gain compensated micro- 
phone output. A phase adjustment circuit also is provid- 



ed responsive to the gain compensated microphone 
output and a rolloff control output for producing a match- 
ing output. The rolloff control output is generated by a 
phase difference subtracter circuit responsive to both 
the matching output and the second microphone output. 
Moreover, the output of at least one of the microphones 
has a resonance frequency that is shifted to a desired 
preselected frequency. 
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Description 

Related Applications 

[0001 ] This application claims the benefit of U.S. Pro- 5 
visional Application No. 60/097,926. filed August 25, 
1998. 



herein. The frequency response shown In FIGURES 1 
and 2 is characteristic of many electret microphone de- 
signs used In devices such as hearing aids. Mathemat- 
ically, the response can generally be represented as: 

M((a) ^ M^L((i))H((j}) 



Technical Field 

[0002] The present invention generally relates to de- 
vices for matching outputs of a pair of microphones, and 
in particular to an apparatus and a method that compen- 
sates for variations in the sensitivity, low frequency rol- 
loff. and resonance peak of at least one of the micro- 
phones. 

Background of the Invention 

[0003] Hearing aids for providing a user selectable di- 
rectional response have become quite popular in the 
marketplace. In a noisy environment, the user of such 
an aid can select the directional pattern and thus elimi- 
nate some of the noise coming from the rear. This can 
increase the signal to noise level enough to improve the 
intelligibility of speech originating from the forward di- 
rection. In a quiet environment, the user would normally 
switch to the nondirectional pattern in favor of its better 
performance in quiet. 

[0004] One way to achieve a directional response in 
a hearing aid is to use two omnidirectional microphones, 
and to combine their electrical signals to form the direc- 
tional beam. Compared to the use of a directional mi- 
crophone, the Dual Omni approach has some advan- 
tages. However, it also carries the requirement that the 
response of the two microphones be accurately 
matched in magnitude and phase. The matching must 
be accurate throughout the frequency band where di- 
rectionality is needed, and must remain matched 
throughout the life of the hearing aid. Normal variations 
in microphone manufacturing do not provide a close 
enough match for most applications. 
[0005] Often it has been necessary to specially meas- 
ure and select the microphones for use in a paired ap- 
plication. The present invention presents an apparatus 
and method of compensation for the variations in micro- 
phone performance. An electrical circuit is used with one 
or both of the microphones to achieve the necessary 
match in response for directional processing. The re- 
sponse of the circuit can be "tuned" to each microphone 
at the final stages of manufacturing, as a part of the fit- 
ting porches, automatically, or even at a periodic follow- 
up visit if the characteristics of the microphone have 
changed through aging or abuse. 

The Microphone Model 

[0006] A simple model for a microphone is assumed 



where 



10 



L(o}) models the low frequency rolloff, and 

H(o}) models the mid and high frequency behavior, 

including the diaphragm resonance. 

15 [0007] The assumption that the microphone response 
can be separated in this way makes the analysis much 
simpler without introducing a significant error for most 
actual microphone responses used for directional hear- 
ing aids and the like. It works well for any microphone 

20 whose low frequency rolloff is separated in frequency 
from its diaphragm resonance. (The so-called "ski 
slope' microphone responses are not of this variety and 
would require a different analysis; but they are not well 
suited for use in devices such as directional hearing 

25 aids.) 

[0008] The low frequency rolloff is approximated as a 
single-pole filter: 



30 



40 



L((o) = 



^ . to 

O)/ 



where (O/ is the corner frequency for the low frequency 
35 rolloff. The higher frequency behavior is approximated 
by: 



H(o>) = 



1 



1 



Oca, 



where (d^is the corner diaphragm resonance frequency 
and Ois the mechanical quality factor of that resonance. 

45 [0009] Variations in production may cause the re- 
sponse of an individual microphone to vary in several 
ways from this nominal response: I) The sensitivity level 
MqoI the entire curve may shift to higher or lower values 
due to variations in electret charge or diaphragm stiff- 

50 ness; 2) The comer frequency o)/ of the low frequency 
rolloff may move to a higher or lower frequency due to 
variation in the size of the barometric relief hole in the 
diaphragm; and 3) The frequency co^-of the resonance 
peak may shift to a higher or lower value due to variation 

55 in the diaphragm tension or other assembly details. 
Each of these changes has a different impact on the abil- 
ity to obtain an adequate match for directional process- 
ing. 
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[0010] The phase error caused by differences in o)/ 
and o);>can be seen in FIGURE 3. This shows the phase 
difference between the two microphone outputs when 
there is a 1 0% shift in the low frequency rolloff and a 
1 0% shift in the resonance frequency. s 

Summary of the Invention 

[0011] The present invention provides for matching 
the response of a pair of microphones. io 
[001 2] The structure embodying the present invention 
is especially suitable for providing directional response. 
The Invention provides for compensating for gain differ- 
ences between the pair of microphones. Also, the inven- 
tion compensates for shifts in the low frequency rolloff '5 
and resonance frequency of at least one of the micro- 
phones. 

[0013] The circuitry embodying the present Invention 
includes a pair of microphones that generate a first and 
a second output, respectively, in response to an audible 20 
sound. The microphone outputs are subtract from each 
other to produce a gain control output that operably con- 
trols the gain of the first microphone output resulting in 
a gain compensated microphone output. Also, a phase 
adjustment circuit responsive to both the gain compen- 25 
sated microphone output and a rolloff control output is 
provided to produce a matching output. The rolloff con- 
trol output is generated by a phase difference subtractor 
circuit responsive to both the matching output and the 
second microphone output. Moreover, a resonance fre- 30 
quency shifting circuit is provided, response to the out- 
put of at least one microphone, to compensate for shift- 
ing the resonance frequency of the microphone output. 



Brief Description of the Drawings 

[0014] In the accompanying drawings that form part 
of the specification, and in which like numerals are em- 
ployed to designate like parts throughout the same, 
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FIGURE 1 is a graph of the magnitude response of 
a simplified microphone model over a frequency 
range; 

FIGURE 2 is a graph of the phase response of the 
same simplified microphone model used in FIGURE 
1 over the same frequency range; 
FIGURE 3 is a graph of the phase difference be- 
tween two microphones with different corner fre- 
quencies for low frequency rolloff and different res- 
onance peak frequencies; so 
FIGURE 4 Is a simplified electrical circuit diagram, 
partially in block form, of a method to compensate 
for variations in midband sensitivity between two 
microphones; 

FIGURE 5 is a simplified electrical circuit diagram, ss 
partially in block form, of a circuit to shift the low 
frequency rolloff of a microphone output; 
FIGURE 6 is a simplified electrical circuit diagram, 



partially in block form, of an automated compensa- 
tion system to equal both the midband sensitivity 
and the low frequency rolloff of a microphone; 
FIGURE 7 is a plurality of simplified electrical circuit 
diagrams, partially in block form, of various circuits 
for shifting the low frequency rolloff of a microphone 
output; 

FIGURE 8 is a plurality of simplified electrical circuit 
diagram, partially in block form, of various circuits 
for shifting the resonance frequency of a micro- 
phone output; 

FIGURE 9 is a simplified electrical circuit diagram, 
partially in block form, of a circuit to shift the reso- 
nance frequency of a microphone output; 
FIGURE 1 0 is a plurality of graphs depicting the pat- 
tern variations between a pair of matched micro- 
phones at 500Hz with ±10% variation in low fre- 
quency rolloff frequency at SOHz; 
FIGURE 11 is a plurality of graphs illustrating the 
pattern variations between a pair of matched micro- 
phones at SOOHz with ±10% variation in low fre- 
quency rolloff frequency at SOHz; 
FIGURE 1 2 is a simplified electrical circuit diagram, 
partially in block for. of another circuit for shifting the 
tow frequency rolloff of a pair of microphone out- 
puts; and 

FIGURE 13 is a plurality of graphs showing the im- 
provement in directionality that is available with 
compensation, even when the compensation is im- 
perfect. 

Detailed Description 

[0015] While this invention is susceptible of embodi- 
ments in many different forms, there is shown in the 
drawings and will herein be described in detail a pre- 
ferred embodiment of the invention with the understand- 
ing that the present disclosure Is to be consklered as an 
exemplification of the principles of the invention and is 
not intended to limit the broad aspect of the invention to 
the embodiments illustrated. The present invention pro- 
vides an apparatus and method for matching the re- 
sponse of microphones in magnitude and phase. 

Compensating for Gain Differences 

[0016] The present invention includes compensation 

to equalize the midband sensitivity Mo_ In an embodi- 
ment, such as for a hearing aid, this can be done either 
In a sound box or in the sound field of a room. Alterna- 
tively, it can be done as a final step In the manufacturing 
process, during the fitting process, or as a "tune up" dur- 
ing a periodic checkup. Preferably, the frequency con- 
tent of the acoustic test signal used to equalize the mid- 
band is confined to the flat portion of the sensitivity 
curve, which is generally near 1 kHz. For example, an 
appropriate signal would be a one-third octave noise 
band centered at 1 kHz. 
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[001 7] In analog circuitry, the gain adjustment can be 
Implemented with a simple trimmer to adjust the gain. 
In a device such as a programmable hearing aid, the 
gain value can be stored in memory and implemented 
in a programmable resistor. Each of these can also pro- 
vide for periodic recalibration in the office of an audio!- 
ogist. 

[0018] In an embodiment . a very slow acting auto- 
matic gain control ("AGO") operates on the output of one 
microphone to match its output to the level of the other. 
A block diagram 10 of such a system is shown in FIG- 
URE 4. The system can be mounted, for example, within 
a hearing aid housing and includes a front microphone 
1 2 and a rear microphone 1 4 having respective outputs 
responsive to an audible input. A subtractor circuit 1 6 is 
provided responsive to the front microphone output and 
the rear microphone output for producing a gain control 
output 18. In response to the front microphone output 
and the gain control output 1 8, circuit 20 produces a gain 
compensated microphone output. 
[0019] More particularly, the signal from each micro- 
phone 1 2,1 4 is buffered and processed through a band- 
pass filter ("BPF") 22.24 with a center frequency of ap- 
proximately 1 kHz. Each filtered signal is sent through 
an energy detector, such as an RMS detector 26,28, and 
then a low pass filter 30,32. At this point, the signals 
represent the time average of the signal energy in each 
channel. These level estimates are subtracted by circuit 
1 6 to provide signal 1 8 proportional to the level differ- 
ence between the microphone channels. This difference 
level is used to adjust the gain in one channel to better 
match the level of the other signal. 
[0020] If the microphones 12.14 were exactly 
matched in sensitivity, then the energy estimates would 
be equal. Accordingly, the subtraction would give a zero 
output, and the compensating gain would remain un- 
changed. If the microphone sensitivity were to change, 
then an error signal would be generated at the output 
1 8 of the subtraction circuitry 1 6, and that error signal 
would change the gain in one channel to bring the two 
channels to equal output levels. 
[0021] Preferably, the time constant of the AGC loop 
is long compared to the acoustic time delay between the 
signals from the two microphones, and long compared 
to the variability in level of speech. For example, in an 
embtodiment. a time constant of 250 ms or greater can 
be used. 

Compensating for Low Frequency Rolloff 

[0022] As previously indicated, it is desirable to match 
the low frequency rolloff of the two microphones be- 
cause phase errors at low frequencies are especially 
likely to degrade the directionality. FIGURE 3 shows that 

the phase error extends an octave or more above the 
corner frequency. In order to maintain good directional- 
ity below 500 Hz with microphones not having accurate- 
ly matched rolloff frequencies, it is advantageous that 



the low frequency rolloff be below 1 GO Hz. This has other 
disadvantages, however. The low frequency response 
allows significant low frequency acoustic noise from the 
environment to enter the microphone electronics. In 

5 some situations, this noise may saturate the low-level 
amplifiers. Once saturation occurs, electrical filters can 
no longer be used to remove the low frequency energy. 
A better solution is to provide an electrical compensation 
circuitry to match the phase of the two microphones so 

10 it is not necessary to use a very low rolloff frequency. 
[0023] The primary advantage that comes with low 
frequency compensation is that the rolloff frequency can 
be accurately set at a specific frequency in the range of 
150 to 250 Hz. If the two microphones are accurately 

15 matched after compensation, then good directionality is 
available throughout the low frequency range, and low 
frequency environmental noise will not corrupt the sig- 
nals. 

[0024] If a microphone has a low frequency corner f re- 
20 quency of (O/, but the desired frequency is w^p then the 
transfer function or the compensation circuitry needed 
to shift the rolloff Is: 



25 1 + y — 

0> , CO, 

Comp((j}) = — - 



30 [0025] The circuit of FIGURE 5 has the following 
transfer function: 
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7-(0 = 



1 + yO) ^ C 

R + r ' R + r 
Rf 1 + j(orC 



[0026] Except for the minus sign, T(f) can be made 
equivalent to Comp(o}) If: 



45 and 



50 



R^r- 



[0027] In the above equations and FIGURE 5, C can 
be chosen arbitrarily, and R| can be chosen independ- 
ently to set the high frequency gain of the network. The 
circuit 34 within FIGURE 5 works only if (o^j is less that 
55 o)|, in other words, the compensation circuit 34 can be 
used to lower the rolloff frequency, but not to raise it. 
Circuit 34 is only one example of many that can com- 
pensate the phase of a microphone. Other examples are 
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discussed later herein. 

[0028] In general, the circuit 34 includes an input ter- 
minal 36, for receiving an output from a hearing aid mi- 
crophone or the like, and an amplifier 38 having an In- 
verting input and an output. Connected to the output of 
the amplifier 38 and the inverting input is a feedback 
circuit that includes a feedback adjustment circuit 40 re- 
sponsive to a rolloff control input. Further, a gain control 
circuit 42 is operably connected between the input ter- 
minal 36 and the inverting input of the amplifier 38 for 
adjusting the gain of the microphone output. 
[0029] Circuit 34 can be used in a compensation sys- 
tem in the following way: The corner frequencies for low 
frequency rolloff for both of the two microphones are first 
measured. Then, the compensation circuit is applied to 
the microphone with the higher corner frequency to 
match it to the microphone with the tower frequency rol- 
loff. As an alternative, the microphones can be specified 
with a rolloff frequency that is slightly higher than the 
desired value in the final device such as a hearing aid. 
The compensation circuit can be applied to both micro- 
phones to match their rolloff to the desired frequency. 
[0030] Measuring the rolloff frequencies of the two mi- 
crophones can effectively be accomplished in the above 
embodiments by using the facilities of an acoustic test 
box. As such, an automated test system can be used to 
measure the frequency response of the two micro- 
phones and determine the component settings to 
achieve an adequate phase match. 
[0031] In an alternative embodiment, an automated 
method to perform the low frequency compensation is 
shown in FIGURE 6 which also includes the magnitude 
compensator described above. The automated method 
includes a front microphone 12 and a back microphone 
1 4 for producing respective outputs in response to an 
audible input. Responsive to the microphone outputs is 
a gain difference subtracter circuit 1 6 for producing a 
gain control output. A gain control circuit 42 is provided 
that, in response to the front microphone output and the 
gain control output, produces a gain compensated mi- 
crophone output 44. Phase adjustment circuit 34 is re- 
sponsive to the gain compensated microphone output 
44 and a rolloff control output 46 for producing a match- 
ing output 48. The rolloff control output is generated by 
a phase difference subtracter circuit 50 responsive to 
the matching output 48 and the back microphone output. 
[0032] In particular, the frequency compensation cir- 
cuit assures that the 50 Hz response of the two micro- 
phones is the same. As shown, the sensitivity of the front 
microphone 1 2 is modified to match that of the rear mi- 
crophone 14. Using the magnitude compensated front 
microphone signal, the two signals are again filtered, 
this time with a 50 Hz center frequency, where 50 Hz is 
assumed to be well below the low frequency rolloff of 
both microphones 12,14. If the rolloff of the two micro- 
phones were the same, the filtered output of the two 
channels would have the same magnitude. Any differ- 
ence in the levels is an indication that the rolloff frequen- 



cies are different. This difference is used to adjust the 
controlling resistor value in the rolloff compensator cir- 
cuit 34 for the front microphone 12. 
[0033] Other examples of circuits that can be used to 
5 compensate the response are shown in FIGURES 7 and 
8. 

[0034] The primary advantage that comes with low 
frequency compensation is that the rolloff frequency 
may not be accurately set at a specific frequency in the 
10 range to 1 50 to 250 Hz. If the two microphones are ac- 
curately matched after compensation, then good direc- 
tionality will be available throughout the low frequency 
range, and low frequency environmental noise will not 
corrupt the signals. 

15 

Compensating Shifts in Resonance Frequency 

[0035] As stated above, the microphone model is the 
product of the midband sensitivity, the low frequency rol- 
20 toff function and the high frequency resonance function, 
or 



25 



35 



45 



50 



Af((i)) = M_Z.(o))H(o}). 



[0036] Previously, methods of compensation for vari- 
ations between microphones In sensitivity and low fre- 
quency rolloff have been discussed. Compensation for 
the shifts in the resonance frequency follow the same 
30 development. The form of the high frequency response 
is: 



2 

CO 



[0037] For the high frequency behavior, if the micro- 
phone has resonance frequency a>^ , and Q-value Qf. , 
^ but the desired values for these parameters are co^ and 
Ofj respectively, then the transfer function of the com- 
pensation circuit needed to shift the resonance frequen- 
cy is 



Hw(0)) 



0) (1) 



0)^ 



[0038] FIGURE 9 depicts a circuit 60 for microphone 
resonance frequency shift compensation. In general, 
the circuit 60 includes an input terminal 62 for receiving 
55 an output from a microphone, and an amplifier 64 having 
an inverting input and an output. Connected to the out- 
put of the amplifier 64 and the inverting input is a feed- 
back circuit 66 that includes a resistor R^, an inductor Lf, 
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and a that are connected to each other in parallel. 
Further, an Input circuit 68 is operably connected be- 
tween the input terminal 62 and the inverting input of the 
amplifier 64 for adjusting the gain of the circuit output 70. 
[0039] It is to be understood that circuit 60 an all other 
circuits presented herein are simplified and may have 
stability problems if implemented exactly as shown. It is 
assumed that the designer will add whatever compo- 
nents necessary to assure stability. 
[0040] It can be shown that the circuit 60 of FIGURE 
9 has the following transfer function: 



1 V LC + joi ^ 

2 ^ 
1-co LPf + j(o 



[0041 ] The two above equations for HJoi ; and Compf^ 
(oi) have the same form (except for the minus sign), and 
can be made equivalent by proper selection of the circuit 
values. To do this, the values of the feedback compo- 
nents Rf, Lf, and Cf are chosen to match the desired res- 
onance of the microphone, and the values of the com- 
ponents within the input circuit 68 are chosen to match 
the actual resonance. For accurate compensation, it is 
desirable to match both the resonance frequency and 
the Q of the actual microphone response. The inductor 
vafues L and Lf can be equal if unity gain is desired in 
circuit 60, or they can have different values if desired to 
adjust the gain. Otherwise the inductor values L and 
can be chosen arbitrarily. Moreover, the value of one re- 
active component can be chosen arbitrarily. 
[0042] As will be appreciated by those having skill in 
the art, other circuits that can be used to compensate 
the high frequency response such as, for example, 
those shown in FIGURE 8. Each of these circuits would 
be employed with a different strategy to compensate the 
different responses between two microphones. 

A Practical Example - Low Frequency Rolloff 

[0043] In an example, assume that two microphones 
are used as a "matched" pair in a device such as a di- 
rectional hearing aid. The microphones are used to form 
a beam that is a cardioid in the free field. The directional 
pattern is to remain "good" for frequencies down to at 
least 500 Hz, with good directionality as low as 300 Hz 
as a goal. For this example, we concentrate on the low 
frequency behavior, and thus assume that the reso- 
nance frequencies and Q values for the two micro- 
phones are identical. Further, we assume that manufac- 
turing tolerances on the microphones are such that the 
rolloff frequency can be controlled to within ± 10%. 
[0044] In this example, if we set the nominal value for 
the rolloff to be 50 Hz, the patterns at 500 Hz are shown 
in FIGURE 10. This shows the degradation in the pat- 
terns in the worst case situation when one microphone 



has its rolloff shifted by +1 0% and the other microphone 
is shifted by -1 0%. The patterns at 300 Hz are shown in 
FIGURE 11. The performance Is clearly unacceptable 
at this frequency as the second polar shifts entirely to 
5 the backward direction. As a general rule, then, if the 
low frequency rolloff can only be controlled to ± 10%, 
then adequate beam pattern control can be achieved at 
frequencies that are approximately a decade above the 
rolloff frequency. 
10 [0045] Now turning to the improvement that can be 
achieved with phase compensation as described here- 
in, an objective is to use response compensation to 
achieve good directivity at 500 Hz using microphones 
whose low frequency rolloff varies by ± 1 0% from a nom- 
is inal value of 225 Hz. Another circuit 80 having the cor- 
rect response for compensation of a pair of microphones 
is shown in FIGURE 12. The strategy Is to compensate 
each of the two microphones 82,83 to provide an output 
84,85, respectively, whose low frequency rolloff is at 250 
20 Hz regardless of the uncompensated rolloff frequency. 
With sufficient resolution in the component values, this 
circuit 80 exactly compensates the difference in re- 
sponses so that their frequency responses are identical. 
[0046] In this example, in determining how much res- 
25 olution is actually needed to achieve adequate direction- 
ality, it is assumed that the population of microphones 
described above includes samples with rolloff frequen- 
cies from approximately 200 Hz to 250 Hz. For instance, 
five compensation circuits can be provided which exact- 
ed ly compensate the response of microphones whose rol- 
loff frequencies are at 205 Hz, 21 5 Hz, 225 Hz, 235 Hz, 
and 245 Hz with each microphone connected to the 
compensation circuit that most closely matches its ac- 
tual rolloff frequency. Thus, the maximum deviation from 
35 "ideal" compensation is ± 5 Hz or ± 214% in rolloff fre- 
quency. 

[0047] FIGURE 13 shows the improvement that is 
available with compensation, even when the compen- 
sation is imperfect. These polars are calculated at 500 
40 Hz, with the compensated rolloff frequency at 250 Hz. 

In the top example (i.e., graph A of FIGURE 13), the 
compensation is perfect. In the other two polars (i.e., 
graphs B and C of FIGURE 13), the compensation is 
applied imperfectly; in each case, the microphones are 

^5 compensated for a frequency that is in error by 5 Hz, 
and the error is in opposite directions for the two micro- 
phones. In graphs B and C, the polars have reasonably 
good directivity even at a frequency that is only an oc- 
tave above the (compensated) rolloff of the micro- 

50 phones. 

[0048] The method described herein for the compen- 
sation of low frequency rolloff is practically useful and 
can be implemented in the circuitry inside the micro- 
phone if the circuit values can be selected or trimmed 
55 to the proper values after the microphone is assembled. 
In such an embodiment, it is preferred that the low fre- 
quency rolloff be measured as a part of the final manu- 
facturing process, and the circuit elements trimmed to 
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2. The device of Claim 1 , further comprising a band- 
pass filter operably connected between the first mi- 
crophone output and the subtracter circuit. 

5 3. The device of Claim 2, further comprising a lowpass 
filter operably connected between the bandpass fil- 
ter and the subtracter circuit. 

4. The device of Claim 3, further comprising an RMS 
w detector operably connected between the band- 
pass filter and the lowpass filter 

5. The device of Claim 1 , further comprising a hearing 
aid housing operably attached to the first and sec- 

15 ond microphones. 

6- The device of Claim 1 , further comprising a shifting 
circuit responsive to the output of at least one of the 
microphone outputs having a low frequency rolloff 
20 that is shifted by the shifting circuit. 

7. The device of Claim 1 . further comprising a shifting 
circuit responsive to the output of at least one of the 
microphone outputs having a resonance frequency 

25 that is shifted by the shifting circuit. 

8. A device for receiving an audible input comprising: 

a hearing aid housing; 

30 a first microphone operably attached to the 

hearing aid housing and having an output re- 
sponsive to the audible input; 
a second microphone operably attached to the 
hearing aid housing and having an output re- 

35 sponsive to the audible input; 

a phase adjustment circuit responsive to the 
first microphone output and a rolloff control out- 
put for producing a compensated microphone 
output; and 

40 a subtracter circuit responsive to the compen- 

sated microphone output and the second mi- 
crophone output for generating the rolloff con- 
trol output. 

45 9. The device of Claim 8, further comprising a band- 
pass fitter operably connected between the subtrac- 
ter circuit and the compensated microphone output. 



the proper values for adequate compensation. 

A Practical Example- Resonance Frequency 
Compensation 

[0049] As a final example, an electrical circuit is ex- 
amined to compensate for a manufacturing variation in 
the resonance frequency of a microphone. Suppose in 
this example that a microphone has a desired reso^ 
nance frequency of 6000 Hz, but its actual resonance 
frequency is 5% lower, or 5700 Hz. If circuit 3 in FIGURE 
8 is chosen, which reduces the number of reactive com- 
ponents compared to some of the other circuits of FIG- 
URE 8, a value of 47 nF can be used for C. This value, 
while somewhat arbitrary, is the largest value that is con- 
veniently available in a small package. The value of L is 
calculated to resonate with C at the microphone reso- 
nance of 5700 Hz. This yields a value of 1 6.6 mH for L. 
Then Cj is calculated to resonate with L at the desired 
frequency of 6000 Hz. The value of C| is 42.4 nF, and 
the value of Cf is 433 nF. 

[0050] In some applications, the 16 mH inductor and 
the 433 nF capacitor may be considered too large. An 
altemative would be to use circuit 2 of FIGURE 8 , which 

eliminates the larger capacitor. But this circuit needs a 
second inductor whose value is approximately 1 .6 mH. 
Accordingly, in an embodiment, is it preferred that the 
functionality of the compensation circuits of FIGURE 8 
be implemented using synthetic inductors. This trades 
more practical reactive component values for additional 
active components. 

[0051] In an altemative embodiment, the high fre- 
quency performance is improved by using a microphone 
with a resonance frequency that is above the frequency 
band that is important for directionality. If the resonance 
frequency is increased to the vicinity of 13 to 15 kHz, 
then good directionality is available to at least 1 0 kHz. 
[0052] While the specific embodiments have been il- 
lustrated and described, numerous modifications come 
to mind without significantly departing from the spirit of 
the invention and the scope of protection is only limited 
by the scope of the accompanying Claims. 



Claims 

1. A device for receiving an audible input comprising: 

a first microphone having an output responsive 
to the audible input; 

a second microphone having an output respon- 
sive to the audible input; 
a subtracter circuit responsive to the first micro- 
phone output and the second microphone out- 
put for producing a gain control output; and 
a circuit responsive to the first microphone out- 
put and the gain control output for producing a 
gain compensated microphone output. 



10. The device of Claim 9, further comprising a band- 
so pass filter operably connected between the subtrac- 
ter circuit and the second microphone output. 

11. The device of Claim 10, further comprising a buffer 
operably connected to the compensated micro- 

55 phone output. 

12. The device of Claim 11 , further comprising a buffer 
operably connected to the second microphone out- 
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put. 

13. The device of Claim 8, further comprising a feed- 
back circuit operably connected to the compensat- 
ed microphone output and the phase adjustment 
circuit. 

14. The device of Claim 13, wherein the said feedback 
circuit includes a capacitor. 

15. The device of Claim 8, wherein the outputs of the 
microphones have a resonance frequency and a cir- 
cuit is operably connected to at least one of the mi- 
crophones for shifting the resonance frequency 
within the output of the microphone. 

1 6. A device for amplifying an audible input comprising: 



20. The device of Claim 1 6. further comprising a buffer 
operably connected to the compensated micro- 



14 

phone output. 

21. The device of Claim 1 6, further comprising a buffer 
operably connected to the second microphone out- 

5 put. 

22. The device of Claim 1 6, further comprising a feed- 
back circuit operably connected to the compensat- 
ed microphone output and the phase adjustment 

10 circuit. 

23. The device of Claim 16, wherein said feedback cir- 
cuit includes a capacitor. 

IS 24. The device of Claim 1 6, further comprising a hear- 
ing aid housing operably attached to said first and 
second microphones. 

25. A circuit for shifting the rolloff of a microphone com- 
prising: 

an input terminal for receiving an output from 
the microphone; 

an amplifier having an inverting input and an 
output; 

a gain control circuit operably connected be- 
tween the input terminal and the inverting input 
of the amplifier for adjusting the gain of the mi- 
crophone output; and 

a feedback circuit operably connected to the 
output of the amplifier and the inverting input, 
the feedback circuit including a feedback ad- 
justment circuit responsive to a rolloff control 
output. 

26. The device of Claim 25, wherein said feedback cir- 
cuit includes a capacitor. 

27. A method for matching an audible input comprising: 

producing a first microphone output responsive 
to the audible input; 

producing a second microphone output respon- 
sive to the audible input; 
generating a gain control output in response to 
the difference between the first microphone 
output and the second microphone output; 
producing a gain compensated microphone 
output In response to the first microphone out- 
put and the gain control output; 
producing a matching output in response to the 
compensated microphone output and a rolloff 
control output; and 

generating the rolloff control output in response 
to the difference between the matching output 
and the second microphone output. 

28. The method of claim 27, further including the steps 



a first microphone having an output responsive 
to the audible input; ~ 20 

a second microphone having an output respon- 
sive to the audible input; 
a gain difference subtracter circuit responsive 
to the first microphone output and the second 
microphone output for producing a gain control 2S 
output; 

a gain control circuit responsive to the first mi- 
crophone output and the gain control output for 
producing a gain compensated microphone 
output; 30 
a phase adjustment circuit responsive to the 
gain compensated microphone output and a 
rolloff control output for producing a matching 
output; 

a phase difference subtracter circuit responsive 3S 
to the matching output and the second micro- 
phone output for producing the rolloff control 
output; and 

wherein the outputs of the microphones have a 
resonance frequency and a circuit is operably 40 
connected to at least one of the microphones 
for shifting the resonance frequency within the 
output of the microphone. 

17. The device of Claim 1 6, further comprising a band- "fs 
pass filter operably connected between the front mi- 
crophone and the subtracter circuit. 

18. The device of Claim 16, further comprising a band- 
pass filter operably connected between the subtrac- so 
tor circuit and the compensated microphone output. 

19. The device of Claim 18, further comprising a band- 
pass filter operably connected between the subtrac- 
tor circuit and the second microphone output. ss 
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of receiving the output of at least one of the micro- 
phones having a resonance frequency and shifting 
the resonance frequency of the microphone output 
to a predetermined desired frequency. 
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